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INTRODUCTION. 

The  usual  method  for  the  determination  of  tartaric,  citric,  and 
mahc  acids  in  the  same  solution  is  a  modification  of  that  proposed  by 
Schmidt  and  Hiepe.^  It  depends  on  the  precipitation  of  the  acids 
in  the  form  of  calcium  salts  and  on  the  separation  of  these  by  means 
of  their  solubility  in  water  and  alcohol.  The  separations  obtained 
in  this  way  are  far  from  sharp  and  the  results  are  usually  unsatis- 
factory. 

It  is  the  purpose  of  the  present  paper  to  present  some  preliminary 
notes  on  a  new  method  for  the  determination  of  malic  and  tartaric 
acids  in  the  same  solution.  While  the  work  is  far  from  complete,  it 
is  hoped  that  the  publication  of  the  results  so  far  obtained  may  be  of 
some  value  and  may  lead  to  further  researches  along  the  same  line. 

Walden  ^  first  pointed  out  that  when  malic  and  tartaric  acids  are 
treated  with  uranium  salts  under  definite  conditions  marked  increases 
ill  their  optical  rotations  are  produced.  Within  certain  Hmits  these 
increased  rotations  are  proportional  to  the  concentration  of  the  acids. 
Tliese  facts  have  recently  been  used  by  Yoder,^  Dunbar  and  Bacon,* 
and  Dunbar  ^  as  tlie  bases  of  quantitative  methods  for  the  deter- 
mination of  mahc  and  tartaric  acids  when  occurring  separately. 
Yoder  ^  suggested  that  the  amounts  of  these  acids  present  in  the 
same  solution  may  be  calculated  if  some  value  is  determined  in 

1  Zts.  Anal.  Chom.,  18S2,  21:  534;  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Bui.  107,  Rev.,  p.  80. 
«  Bcr.  d.  chem.  Cos.,  1S'j7,  SO  (.3):  2889. 
a  J.  Ind.  Eng.  Chem.,  1911,  5.-  563. 

*  J.  Ind.  Eng.  Chem.,  19U,  S:  82G;  UT  S.  Dept.  Agr.,  Bureau  of  Chemistry  Cir.  76. 
6  U.  S.  Dept.  Apr.,  Bureau  of  Chemistry  Cir.  106. 
8  J.  Ind.  Eng.  Chem.,  1911,  3:  573. 
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addition  to  the  rotatory  power  of  the  solution  after  treatment  with 
iiranyl  acetate.  lie  recommended  for  this  purpose  the  determma- 
tion  of  total  acidity.  It  is  obvious  that  this  method  is  apphcable 
only  in  cases  where  malic  and  tartaric  are  tlie  only  acids  present  and 
where  these  are  entirely  in  the  free  condition. 

In  the  present  experiments  advantage  is  taken  of  the  fact  that 
when  oxidized  with  potassium  permanc:anate  in  the  presence  of  an 
excess  of  alkali  malic  and  tartaric  acids,  like  lactic  acid,  are  con- 
verted quantitatively  into  oxahc  acid.  This  has  been  shown  by 
Bacon  and  Dunbar  ^  and  has  been  used  by  them  as  the  basis  of  a 
method  for  the  determination  of  lactic  acid  in  products  made  from 
spoiled  tomatoes.  Wlien  mahc  or  tartaric  acids  are  oxidized  in  this 
manner,  the  oxalic  acid  which  is  formed  may  be  determined  either 
by  precipitation  as  calcium  oxalate  or  by  titration  in  acid  solution 
with  potassium  permanganate.  The  amount  of  potassium  per- 
manganate reduced  may  also  be  determined  directly  by  titration. 
It  is  unnecessary  to  point  out  that  the  latter  procedure  can  be 
employed  only  in  the  absence  of  other  reducing  substances  while  the 
former  can  not  be  used  in  the  presence  of  other  substances  forming 
oxahc  acid  on  oxidation  unless  it  is  possible  to  separate  malic  and 
tartaric  acids  from  these  substances  before  oxidation.  That  the 
method  is  capable  of  determining  malic  and  tartaric  acids  separately 
with  considerable  accuracy  is  shown  in  Tables  1,  2,  and  3. 

In  Table  1  the  oxalic  acid  formed  by  oxidation  was  determined 
gravimetrically;  in  Table  2  it  was  titrated  in  acid  solution  with 
potassium  permanganate,  while  in  Table  3  the  amount  of  malic  or 
tartaric  acid  present  was  calculated  indirectly  from  the  amount  of 
potassium  permanganate  reduced.  In  all  three  tables  the  results 
marked  with  a  superior  figure  are  from  an  earlier  paper  ^  and  are 
introduced  here  for  the  sake  of  completeness.  The  details  of  the 
methods  used  will  be  given  later. 


Table  1. — Determination  of  malic  acid. 
[Oxalic  acid  determined  gra\imetrically.) 


Acid. 

Weight 
of  acid 
present. 

Calcium  oxalate  1 
CaCOJljO.       1  Weight 
1  of  arid 

Found. 

1  found. 
Theory.  ; 

Malip  

Gram. 
0.2.5 
.20 
.10 

Oram. 
0.530 
.435 
.220 

Ornm.   j  Oram. 
O.Mo  0.243 
.4:{0  .200 
.218  .102 

l)o.>  

Do.'  

1  U.  S.  Dept.  Agr.,  Bureau  of  CheBiistry  Cir.  78. 
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Table  2. — Defenninadon  of  tdrtaric  or  malic  acid. 


[Oxalic  acid  titrated  with  potassium  piTinanganato.] 


W.'iK'lif  of 

Weight  of 

malic  or 

Weight  of 

malic  or 

Acid. 

tartaric 

oxalic  acid 

tartaric 

acid 

found. 

acid 

present. 

found. 

Gram. 

Gram. 

Gram. 

0. 203 

0. 485 

0.  2S9 
22 

.  2.5 

.37 

.41 

l24 

Do  

.  3() 

.21 

Malic  

.  25 

.47 

.  247 

Table  3. — Determ  ination  of  malic  or  tartaric  acid. 
[Calculated  indirectly  from  amount  of  potassium  permanganate  leduced.] 


Acid. 

Weight  of 

acid 
present. 

Weight 
potassium 
peruiaugn/- 

nate 
required. 

Weight  of 
acid 
found. 

Malic  

Gram. 
0. 950 
.498 
.10 
.10 
.10 
.10 
.250 
.250 
.250 

Gram. 
2.  (-.7 
1.39 
.272 
.282 
.301 
.211 
.55 
.54 
.64 

Gram. 
0. 942 
.  493 
.090 
.099 
.106 
.100 
.20 
.256 
.  256 

Do  

Do.'  

Do.'  

Do.'  

Tartaric '  

Do  

Do  

Do  

»  Results  taken  from  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Cir.  78. 


PRINCIPLE  OF  THE  METHOD. 

As  has  been  stated,  solutions  of  both  maUc  and  tartaric  acids 
when  treated  with  iiranyl  acetate  under  proper  conditions  show  an 
increased  rotation,  which,  within  certain  limits,  is  proportional  to 
the  concentration.  Both  acids  also  reduce  definite  amounts  of 
potassium  permanganate  in  alkaline  solution  and  form  oxalic  acid 
quantitatively.  J  fence  it  is  possible  to  calculate  the  amounts  of 
malic  and  tartaric  acids  in  a  solution,  knowing  the  total  change  in 
rotation  of  the  solution  on  treatment  with  uranyl  acetate,  and  also 
either  the  amount  of  potassium  permanganate  reduced  or  the  amount 
of  oxaUc  acid  formed  when  the  solution  is  oxidized  in  alkaline 
solution. 

EFFECT  OF  IH^AXYL  ACETATE  OX  THE  ROTATIONS. 

It  has  been  shown  by  Dun])ar  and  Bacon  ^  that  a  solution  con- 
taining 1  gram  of  malic  acid  in  100  cc  will  rotate  — 27.77°  V.  when 
treated  with  uranyl  acetate  under  proper  conditions.    In  another 

'  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Cir.  70;  J.  Ind.  Eng.  Chera. ,  1911,  S:  826. 
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publication^  on  the  determination  of  tartaric  acid,  it  has  also  been 
shown  that  a  solution  containing  1  gram  of  tartaric  acid  in  100  cc 
will  when  treated  with  uranyl  acetate  under  proper  conditions  pro- 
duce a  rotation  of  +10.61°  V.  In  a  solution  containing  both  acids, 
these  changes  in  rotation  arc  produced  by  each  independently  of 
the  other. 

REACTION  OF  MALIC  AND  TARTARIC  ACIDS  WITH  POTASSIUM 
PERMANGANATE. 

Wlien  malic  acid  is  oxidized  with  potassium  permanganate  in  the 
presence  of  an  excess  of  alkali,  the  following  reaction  occurs: 

( 1)  C^Ufi,  +  4lQInO,  =  2llfifi,  +  2Mn02  +  2K2MnO,  +  H^O.  On 
acidifying  this  mixture,  as  is  done  when  the  total  amount  of  reduced 
permanganate  is  to  be  determined,  oxalic  acid  is  further  oxidized  by 
potassium  permanganate  according  to  the  following  equation: 

( 2)  5H2C2O4  +  2lQIn04  +  3H2SO,  =  1 0  CO3  +  8H,0  +  ICSO,  +  2MnS0,. 
One  gram  of  potassium  permanganate  is  equivalent  to  0.353  gram  of 
malic  acid  or  1  gram  of  malic  acid  equals  2.8207  grams  of  potassium 
permanganate.  One  gram  of  oxalic  acid,  0211204  +  21120,  is  equiva- 
lent to  0.526  gram  of  malic  acid,  or  1  gram  of  malic  acid  equals  1.90 
grams  of  oxalic  acid. 

When  tartaric  acid  is  oxidized  in  the  same  manner  the  equation  is: 
( 1)  2CJIe06  +  6iainO,  =4ll2C20,  +  3K2:^InO,  +  S^lnO^  +  2II2O.  On 
acidifying,  the  oxalic  acid  is  further  oxidized  as  shown  in  equation  (2). 
One  gram  of  potassium  permanganate  is  equivalent  to  0.475  gram 
of  tartaric  acid,  or  1  gram  of  tartaric  acid  equals  2.1062  grams  of 
potassium  permanganate.  One  gram  of  oxalic  acid  equals  0.595 
gram  of  tartaric  acid,  or  1  gram  of  tartaric  acid  equals  1.68  grams  of 
oxalic  acid. 

CALCUI.ATIOX  OF  EQUATIONS. 

Bearing  in  mind  the  rotations  of  uranium-malic  and  uranium- 
tartaric  solutions  containing  1  gram  of  acid  ])er  100  cc  and  also  the 
permanganate  equivalent  of  these  acids,  the  equations  for  calcu- 
latmg  the  amounts  of  malic  and  tartaric  acids  from  the  total  change 
in  rotation  and  the  amount  of  potassium  permanganate  reduced 
are  deduced  as  foUow^s: 

Let  x  =  grams  malic  acid  in  100  cc. 
y=  grams  tartaric  acid  in  100  cc. 

a  =  polarization  in  °V.  of  the  solution  in  a  200  mm  tube  after 

treatment  with  uranyl  acetate. 
b  =  grams  of  potassium  ])crmanganate  (KMn04)  required  to 

oxidize  the  acids  in  100  cc. 

1  Dunbar,  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry  Cir.  106. 
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Then  -  27.77  x  + 10.61  y  =  a  (1 ) 
and  2.8207  x  +  2.1062y  =  b  (2) 

Solving  for  x  and  y,  the  following  equations  are  obtained: 
x=  -  0.0185a +  6.1720b 
y=    0.0248a  +  0.2436b 

The  equations  for  calculating  the  amounts  of  malic  and  tartaric 
acids  from  the  total  change  in  rotation  and  the  total  amount  of 
oxalic  acid  formed  are  deduced  as  follows: 

Let  x  =  grams  malic.acid  in  100  cc. 
y  =  grams  tartaric  acid  in  100  cc. 

a  =  polarization  of  the  solution  in  °V.  in  a  200  mm  tube  after 

treatment  with  uranyl  acetate. 
c  =  grams  of  oxalic  acid  (C2II2O4  +  2II2O)  formed  by  oxidation 
of  the  acids  m  100  cc. 
Then- 27.77  x  +  10.61y  =  a  (1) 
1.90  x+  1.68y  =c  (2) 
Solving  for  x  and  y — 
x=  -  0.020a  +  0.233c 
y  =  0.023a  +  0.331c 

DETAILS  OF  THE  METHOD. 

DETERMINATION  OF  THE  DOTATION. 

1.  Measure  85  cc  of  the  solution  under  examination  into  a  100  cc 
graduated  flask,  render  the  solution  slightly  alkaline  to  litmus  paper 
with  sodium  hydroxid,  add  5  grams  of  sodium  acetate  and  shake 
until  dissolved.  Reacidify  the  solution  to  litmus  paper  with  a  strong 
solution  of  citric  acid,  adding  a  slight  excess  of  the  acid,  cool  to  room 
temperature  and  dilute  to  100  cc.  Treat  about  30  cc  of  this  solution 
with  powdered  uranyl  acetate,  transfer  to  a  suitable  container  and 
shake  for  3  hours  with  a  mechanical  shaker.  Add  enough  uranyl 
acetate  so  that  a  small  amount  remains  undissolved  after  3  hours 
shaking;  from  2  to  3  grams  are  usually  sufficient.  If  the  uranium 
salt  dissolves,  more  must  be  added.  Filter  through  a  folded  fdter 
and  polarize  if  possible  in  a  200  mm  tube.  Then  agitate  the  solution 
for  an  hour  longer  with  uranyl  acetate  and  again  polarize  to  determine 
whether  a  maxunum  rotation  has  been  obtained.  Calculate  the 
reading  in  degrees  Ventzke  to  the  basis  of  the  original  solution  and 
designate  as  (1). 

2.  Treat  about  50  cc  of  the  original  solution  with  dry  powdered 
normal  lead  acetate  until  no  further  precipitation  results;  avoid 
excess  of  the  precipitant.  A  centrifuge  can  be  used  to  advantage  iH 
settling  the  precipitate.  Filter  through  a  folded  fdter  and  test  the 
filtrate  with  a  small  crystal  of  lead  acetate  to  determine  whether 

[Cir.  105] 


6 


precipitation  is  complete.  Remove  the  excess  of  lead  with  powckTed 
anhydrous  sodium  sulphate,  filter  until  clear  and  polarize  in  a  200  mm 
tuhe.   Designate  this  reading  as  (2). 

Polarize  at  room  temperature  with  white  light,  takmg  care  that 
all  solutions  are  polarized  at  the  same  temperature.  Make  at  least 
six  readings  on  each  solution  and  take  the  average  of  these.  Calculate 
all  readings  to  the  basis  of  a  200  mm  tube.  The  algebraic  difl'erence 
between  (1)  and  (2)  in  degrees  Ventzke  will  give  the  combined  effect 
of  the  rotations  of  the  uranium  complexes  of  l)oth  malic  and  tartaric 
acids.  In  the  absence  of  optically  active  substances  other  than  malic 
and  tartaric  acids  reading  (2)  need  not  be  made. 

DETERMINATION  OF  THE  AMOUNT  OF  POTASSIUM  PERMANGANATE 

REDUCED. 

In  the  absence  of  any  substances  other  than  malic  and  tartaric 
acids  which  are  capable  of  reducing  potassium  permanganate,  the 
amount  of  permanganate  reduced  is  determined  as  follows: 

Render  alkaline  with  sodium  hydroxid  a  measured  portion  of  the 
solution  containing  0.2  to  0.5  gram  of  total  malic  and  tartaric  acids 
and  add  an  excess  of  about  3  grams  of  the  alkali.  Treat  with  50  cc 
of  1.5  per  cent  potassium  permanganate  and  heat  on  the  steam  bath 
at  100°  C.  for  one-half  hour.  At  the  end  of  that  time  the  solution  should 
have  a  decided  blue-black  or  purple  color.  If  the  solution  turns  green 
or  colorless  above  a  layer  of  brown  precipitate  at  any  time  during  the 
course  of  the  oxidation  more  standard  permanganate  in  measured 
portions  must  be  added  until  the  blue-black  or  purple  color  remains 
throughout  a  half-hour  period  of  heating.  The  oxidation  is  then  com- 
plete. Acidify  the  hot  solution  with  about  50  cc  of  10  per  cent 
sulphuric  acid  and  run  in  standard  oxalic  acid  (5  per  cent  is  con- 
venient) from  a  burette  until  the  solution  is  colorless.  Titrate  back 
any  slight  excess  of  oxalic  acid  with  1.5  per  cent  permanganate  until 
a  permanent  pink  color  is  obtained.  Calculate  the  total  weight  of 
permanganate  used  in  the  oxidation  by  subtracting  the  permanganate 
equivalent  of  the  oxalic  acid  used  from  thv  total  amount  of  ])erman- 
ganate  adcknl. 

DETERMINATION  OF  THE  OXALIC  ACID  FORMED. 

In  the  presence  of  other  substances  which  reduce  i)()tassium  per- 
manganate but  do  not  form  oxalic  acid  the  procechire  is  as  follows* 

Oxichze  tlie  solution  witli  alkaline  potassium  permanganate  in  the 
manner  described  above.  A  standard  solution  of  permanganate 
need  not  be  used  in  tliis  case,  but  an  approximately  1.5  per  cent 
solution  is  convenient.  Cool  the  bhie-])Iack  or  purple  alkahiie  solu- 
tion and  treat  with  hydrogen  peroxid  until  the  excess  of  potassium 
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pormanf]:aiiato  is  dostroyod  and  solution  is  colorless  except  for  a 
brown  precipitate.  Transfer  the  resiiltin<^  solution  with  the  sus- 
pended precipitate  to  a  graduatiul  flask  of  any  convenient  size, 
dilute  to  the  mark  and  mix  well.  Filter  through  a  folded  filter 
without  washing  and  pipette  tlie  lai-gest  possible  aliquot  of  the  clear 
filtrate  into  a  beaker;  strongly  acidify  with  about  50  cc  of  10  per 
cent  sulphuric  acid  boil  vigorously  for  some  time  to  remove  the 
excess  of  h3'(lrogen  peroxid.  and  titrate  liot  wdth  standard  permanga- 
nate to  a  faint  pink  color.  One  cc  of  1.5  per  cent  potassium  per- 
manganate is  equivalent  to  0.0299  gram  of  oxalic  acid,  C2H2O4.2II2O. 
The  oxalic  acid  in  the  solution  may  also  be  determined  by  precipi- 
tation as  calcium  oxalate  in  the  usual  manner.  In  this  case  the 
aliquot  portion  of  the  filtrate  which  is  used  is  acidified  slightly  with 
acetic  acid  and  the  oxalic  acid  is  precipitated  with  calcium  acetate. 

In  fruit  juices  and  solutions  containing  sugars,  add  about  three 
volumes  of  95  per  cent  alcohol  to  50  cc  of  the  solution  and  precipitate 
the  nuxed  acids  witli  normal  lead  acetate.  Collect  the  precipitate 
(conveniently  with  a  centrifuge),  wash  with  80  per  cent  alcohol 
luitil  free  from  sugars,  and  decompose  with  dilute  sulphuric  acid. 
Filter  off  the  preci])itate  of  lead  sulpliate  remove  the  alcohol  by 
evaporation,  and  oxidize  the  acids  in  the  solution  as  described  above. 

Calculate  the  total  rotation  and  the  amount  of  potassium  per- 
manganate nnluced  or  of  oxalic  acid  formed  to  the  basis  of  100  cc 
of  tlie  original  solution  and  substitute  the  values  so  obtained  in  the 
proper  equation  taking  care  to  preserve  the  algebraic  sign  of  the 
rotation. 

DISCUSSION  OF  RESULTS. 

The  methods  suggested  above  for  the  determination  of  malic  and 
tartaric  acids  have  been  applied  to  a  number  of  aqueous  solutions 
containhig  amounts  of  the  acids  which  were  unknown  to  the  analyst 
and  also  to  cith'rs  contahiing  added  tartaric  acid.  The  accuracy  of 
tlie  methods  may  be  judged  by  referring  to  Tables  4  and  5,  in  which 
the  results  are  collected. 

The  last  two  determinations  recorded  in  Table  4  were  made  on 
ciders  containhig  added  tartaric  acid.  The  other  determinations 
shown  in  this  table  were  made  on  aqueous  solutions.  In  this  table 
the  total  amount  of  potassium  permanganate  reduced  was  deter- 
mined in  all  cases.  In  tlie  two  determinations  recorded  in  Table  5, 
wliich  were  made  on  apple  cider,  the  amounts  of  oxalic  acid  formed 
were  determined  directly.  Where  cider  was  used  for  the  determina- 
tions tlie  amount  of  malic  acid  contained  therein  was  determined  by 
titration  and  by  the  uranyl  acetate  method  before  the  addition  of 
•tartaric  acid. 

[Cir.  105] 


8 

Table  4. — Determination  of  malic  and  tartaric  nn'rh, 
[Potassium  permanganate  determined.] 


Malic  acid 
present 

(grams  per 
100  CO). 

Tartaric 

acid 
present 
(grams  per 
100  cc). 

Rotation  of 
acids  after 
treatment 
wiih  uranyl 
acetaie" 
(original 
dilution). 

Potassium 
permanga- 
nate reduced 
by  acids 
in  100  cc. 

Malic  acid 
found 

(grams  per 
100  cc;. 

Tartaric 
acid  found 
(grams  per 
100  cc). 

0.46 
.83 
.47 
.59 
.24 
1  .52 
1  .43 

1.96 
.60 
.98 
.74 

1.24 
.62 
.51 

°V. 
+24.3 
-11.8 
+  7.3 

-  1.6 
+  17.5 

-  1.8 

-  9.2 

Grams. 
5. 40 
3.54 
3.34 
3.21 
3.22 
2.03 
2.43 

0.48 
.83 
.44 
.58 
.23 
.51 
.  55 

.57 
.99 
.74 

1.22 
.63 
.  -15 

1  Determinations  on  ciders  containing  added  tartaric  acid. 

Table  5. — Determ  ination  of  malic  and  tartaric  acids. 
[Oxalic  acid  determined.] 

Malic  acid 
present 

(grams  per 
100  cc). 

Tartaric 

acid 
present 
(grams  per 
100  cc). 

Rotation  of 
acids  after 
treatment 
with  uranyl 
acetate " 
(original 
dilution). 

Oxalic  acid 

formed 
from  acids 
in  100  cc. 

Malic  acid 
found 

(grams  per 
100  cc). 

Tartaric 
acid  found 
(grams  per 
100  cc). 

0. 43 
.60 

0. 51 
.59 

°V. 
-9.2 
-5.2 

Grams. 
1.42 
2. 15 

0.51 
.60 

0.68 
.59 

Attention  is  again  caUecl  to  tlie  fact  that  the  presence  of  substances 
which  form  oxalic  acid  on  oxidation  with  alkahne  potassium  per- 
manganate, and  wliich  can  not  be  separated  from  malic  and  tartaric 
acids  by  precipitation  with  lead  acetate,  interferes  with  the  deter- 
mination. 

SUMMARY. 

The  metliod  suggested  herein  for  the  determination  of  malic  and 
tartaric  acids  depends  on  the  following  facts: 

(1)  That  the  optical  rotations  of  both  acids  are  increased  inde- 
pendently of  each  other  when  treated  with  uran}'!  acetate  under 
definite  conditions. 

(2)  That  both  acids  may  be  oxidized  quantitatively  to  oxalic  acid 
by  heating  with  potassium  permanganate  in  alkaline  solution. 

Knowing  the  total  rotation  produced  by  these  acids  on  treatment 
witli  uranyl  acetate  and  either  the  amount  of  oxalic  formed  by 
oxidation  or  the  amount  of  potassium  permanganate  reduced,  it  is 
possible  to  calculate  the  amounts  of  malic  and  tartaric  acids  present 
in  a  solution.  The  presence  of  substances  wliich  form  oxalic  acid  on 
oxidation  and  which  can  not  be  removed  before  treatment  witli 
potassium  permanganate  interferes  with  the  method. 

[Cir.  105] 
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